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The  Bergerac  region  of  south-western  France  is  well  known  for  its  wealth  of  Middle  Palaeolithic  open-air 
sites.  However,  their  chronology  remains  poorly  understood  due  to  the  complexity  of  the  deposits  and 
difficulties  applying  radiometric  dating  techniques.  Combe  Brune  2,  excavated  in  2006  and  2007  by  the 
INRAP  (lnstitut  National  de  Recherches  Archeologiques  Preventives),  comprises  a  substantial  stratigraphic 
sequence  providing  an  almost  continuous  sedimentary  record  that  is  unique  for  the  region.  Three  lithic 
assemblages  were  documented  in  the  eastern  part  of  the  site  and  six  stratified  assemblages  in  the 
western  part,  five  of  which  are  concentrated  in  Unit  7.  All  the  clearly  individualised  industries  portray  an 
unequivocal  techno-economic  coherence  and  are  dominated  by  Levallois  debitage. 

Minerals  present  in  the  sediments  were  dated  by  the  Optically  Stimulated  Luminescence  (OSL)  using 
different  protocols  (Thermal-Transfer:  TT-OSL  for  quartz  grains  and  IRSL  and  post-lR  IRSL  for  feldspar 
grains).  Heated  flints  were  also  dated  by  thermoluminescence  (TL).  Dating  results  obtained  from  quartz 
and  feldspars  grains  provide  an  age  of  234  ±  25  ka  for  Unit  8  at  the  base  of  the  western  sequence, 
161  ±  18  to  97.3  ±  12  ka  for  Unit  7;  63.1  ±  6.5  ka  for  Unit  4  and  a  series  of  ages  ranging  from  39.2  ±  4.0  to 
22.3  ±  2.2  ka  for  Unit  3.  TL  ages  obtained  from  heated  flints  recovered  from  the  base  of  Unit  7  in  the 
eastern  section  range  from  183  ±  20  to  195  ±  16  ka.  These  results  are  in  good  agreement  and  are 
stratigraphically  coherent,  suggesting  that  the  Early  Middle  Palaeolithic  occupation,  the  first  documented 
for  the  Bergerac  region,  can  be  placed  at  the  end  of  Marine  Isotopic  Stage  (MIS)  7  and  the  beginning  of 
MIS  6. 

©  2014  Elsevier  Ltd.  All  rights  reserved. 


1.  Introduction 

Neanderthal  lithic  production  concepts,  methods  and  tech¬ 
niques  portray  substantial  diversity  from  the  beginning  of  the 
penultimate  interglacial  (MIS)  7)  in  south-western  France.  The 
archaeological  record  of  the  Bergerac  area  in  the  Dordogne  region, 
and  more  precisely  the  Pecharmant  limestone  plateau,  has  pro¬ 
duced  a  large  number  of  Lower  and  Middle  Palaeolithic  sites 
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(Brenet,  2011;  Brenet  et  al„  2014).  These  occupations  found  in  the 
same  lithic  raw  material  provisioning  territory,  all  share  particular 
economic  and  behavioural  characteristics  both  in  terms  of  pro¬ 
duction  systems  (debitage  and  fatjonnage )  and  associated  tools. 

Despite  available  lithostratigraphic  and  archaeostratigraphic 
data,  it  nevertheless  remains  difficult  to  discern  the  changing  na¬ 
ture  and  function  of  these  sites.  This  is  particularly  true  of  Middle 
Palaeolithic  open-air  given  both  their  rarity  and  the  fact  that  they 
are  often  less  well-preserved  in  comparison  to  rock-shelters  or  cave 
sites.  The  open-air  site  of  Combe  Brune  2  differs  from  contemporary 
sites  by  1 )  a  thick,  well-preserved  sedimentary  sequence  permit¬ 
ting  each  lithic  assemblage  to  be  clearly  individualised;  2)  the 
presence  of  very  diverse  lithic  artefacts,  which  provide  insights  for 
the  in  situ  exploitation  of  local  flint,  including  blank  production 
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and/or  transformation  as  well  as  the  export  of  cores  and  blanks; 
and  3)  the  presence  of  heated  lithic  material. 

Here  we  present  dating  results  obtained  from  a  combination  of 
luminescence  methods  employing  various  materials  (heated  flint, 
quartz  and  feldspar  grains).  This  new  chronological  framework 
makes  possible  a  comparison  of  site-scale  palaeoenvironmental 
data  against  regional  palaeoclimatic  patterns.  Similarly,  the  chro¬ 
nological  position  of  the  Combe  Brune  2  lithic  assemblages  is  dis¬ 
cussed  with  reference  to  other  Early  Middle  Palaeolithic  sites  in  the 
Bergerac  area. 

2.  Combe  Brune  2 

The  open-air  site  of  Combe  Brune  2,  discovered  during  road 
works  close  to  Bergerac  (Fig.  1),  lies  on  the  edge  of  the  Pecharmant 
limestone  plateau,  a  few  dozen  metres  south  of  Combe  Brune  3 
(Brenet,  2011).  Following  initial  trench  test  pits  in  2003,  which 
produced  evidence  for  several  Middle  Palaeolithic  levels 
(Bourguignon  et  al.,  2004),  the  site  was  excavated  by  an  INRAP  team 
directed  by  M.  Brenet  and  M.  Folgado  between  October  2006  and 
February  2007. 

2.3.  Morpho-geological  context 

Combe  Brune  2  is  located  on  a  heavily  karstified  Cretaceous 
limestone  plateau  covered  by  flint-clays  and  discontinuous  Tertiary 
alluvial  sands  and  gravels.  Two  approximately  700  square  metre 
areas  were  excavated.  In  the  southeastern  part  of  the  site,  the 
stratigraphy  is  compressed,  with  the  archaeological  level  resting  on 
a  clast-supported  gravel  layer  at  the  top  of  the  flint— clay  deposits 
(supplementary  data  SI).  This  layer,  overlain  by  0.6  m  of  loessic 
material,  is  interpreted  as  a  Pleistocene  coarse-grained  lag  deposit 
connected  to  the  long-term  alteration  of  the  gravely  clay.  The 


undulating  topography  of  the  coarse-grained  lag  deposit  docu¬ 
mented  during  excavations  was  scattered  with  small  depressions 
resulting  from  karstic  subsidence.  The  western  part  of  the  site 
comprises  two  coalescent  dolines  infilled  predominately  with  fine¬ 
grained  colluvial  sediments,  which  derive  from  the  reworking  of 
loessic  material,  together  with  local  Tertiary  sands  and  clayey 
weathering  products  (Fig.  2). 

The  stratigraphy  of  doline  2,  from  which  most  of  the  artefacts 
were  recovered,  is  composed  of  nine  units  (from  top  to  bottom): 

-  Unit  1  —  Dark  brown  sandy  silts,  35  cm  thick  (horizon  A, 
plowsoil). 

-  Unit  2  —  Dark  yellow-brown  clayey  silts,  0—50  cm  thick  (horizon 
Bw  in  Holocene  colluvium). 

-  Unit  3  —  Fight  yellow-brown  sandy  silts,  with  Fe— Mn  mottles 
and  a  sub-angular  blocky  structure,  0—35  cm  thick  (horizon  Eg). 

-  Unit  4  —  Brown-yellow  ( 10  YR)  compact  clayey  silts  with  Fe— Mn 
mottles,  60—120  cm  thick  (glossic  horizon  Bt).  Units  3  and  4 
correspond  to  a  Holocene  luvisol  in  loessic  colluvium. 

-  Unit  5  —  Brown-yellow  sandy  silts  with  scattered  small  gravels 
and  a  sub-angular  blocky  structure,  0—20  cm  thick.  Rounded 
Fe— Mn  concretions  are  abundant  (horizon  Bir ). 

-  Unit  6  —  Bright  brown  (7.5  YR)  clayey  silts  with  a  platy  structure, 
60  cm  (horizon  UBt  in  a  Pleistocene  luvisol  containing  with 
loessic  colluvium). 

-  Unit  7  —  Heavily  mottled,  sandy  silts  with  a  prismatic  structure, 
50  cm  (gleyic  horizon  IIBg).  The  main  artefact-bearing  horizon 
was  found  in  this  unit. 

-  Unit  8  —  Red-brown  (5  YR)  sandy  clays  with  a  prismatic  struc¬ 
ture  ( HIBt  horizon  of  a  Pleistocene  luvisol). 

-  Unit  9  —  Sandy  gravel  with  a  red,  clayey  matrix  and  a  few 
sandstone  blocks  (colluviated  Tertiary  alluvium). 
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Fig.  1.  Location  of  Combe  Brune  2  and  Early  Middle  Palaeolithic  sites  mentioned  in  the  text. 


526 


M.  Frouin  et  al.  /  Journal  of  Archaeological  Science  52  (2014)  524-534 


Fig.  2.  General  stratigraphic  section  of  the  site  and  distribution  of  the  archaeological  material.  Unit  numbers  are  indicated  in  brackets. 


2.2.  Lithic  assemblages 

Lithic  assemblage  Vllb  (Fig.  3,  colour  figure  in  supplementary 
data  S.2)  was  recovered  from  the  heavily  eroded  eastern  sector  in  a 
very  dense  deposit  embedded  above  the  residual  stony  layer 
(Brenet  et  al.,  2008).  Comprising  more  than  4500  lithic  artefacts, 
the  industry  is  characterised  primarily  by  Levallois  debitage  (sup¬ 
plementary  data  S.3)  with  a  fairly  pronounced  laminar  tendency. 
Sought-after  end  products  comprise  various  morphologies, 
including  elongated  or  pointed  forms.  Discoid  debitage  producing 
more  robust,  often  sub-triangular,  backed  blanks  is  also  present, 
although  in  significantly  smaller  proportions  (Brenet,  2013).  While 
certain  blocks  show  evidence  for  the  production  of  large  flakes 
according  to  an  alternating  platform  technique  (Ashton,  1992), 
others  show  a  possible  passage  between  the  Levallois  and  Discoid 
methods.  Blanks  and  prepared  cores  intended  for  later  uses  were 
exported  from  the  site,  and  flake  tools  are  not  very  abundant,  pri¬ 
marily  denticulates  and  Levallois  points.  Particular  macro-tools  on 
naturally  fractured  flint  fragments  (geofacts)  and  several  shaped 
( fafonnage )  artefacts  were  also  found  in  areas  where  the  occupa¬ 
tions  were  in  direct  proximity  to  an  abundant  raw  material  source. 


This  zone  could  represent  a  mixed  activity  area  associated  with 
both  the  production  of  blanks  partly  intended  for  export  and  the 
less  important  use  of  a  variety  of  different  tools. 

In  the  western  area,  six  stratified  lithic  assemblages  were 
identified:  Level  VIII  in  Unit  8;  Levels  X,  Vila,  VI,  V,  and  II  at  the  base 
of  Unit  7,  and  Level  II  sup.  at  the  base  of  Unit  4.  These  distinct  as¬ 
semblages  (Fig.  3)  portray  a  clear  techno-economic  coherence  and 
are  all  dominated  by  the  Levallois  method  (Fig.  4).  Sought-after  end 
products  are  represented  by  elongated  and/or  triangular  blanks 
that  are  morphologically  similar  to  Levallois  points,  and  Discoid 
debitage  is  present  in  the  form  of  typical  backed  ( debordant ) 
products.  The  presence  of  very  robust  bifacial  pieces  and  blocks 
portraying  evidence  for  both  debitage  and  shaping  (fafonnage )  in 
levels  VIII,  X,  and  Vila  is  also  noteworthy.  While  the  assemblages 
from  levels  VI  and  V  could  correspond  to  remnants  of  episodic 
knapping  clusters,  the  others  are  characterised  by  incomplete 
debitage  phases  with  several  imported  or  exported  artefacts  and  a 
flake  tool  component  that  is  sometimes  more  abundant  than  in  the 
eastern  area.  In  the  upper  part  of  both  sequences  (Level  I  in  the 
eastern  area  and  Level  II  sup.  in  the  western  area),  the  presence  of 
several  bifacial  pieces  would  indicate  more  recent  occupations  or 


Fig.  3.  Distribution  of  the  lithic  remains. 
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Fig.  4.  Examples  of  the  Combe  Brune  2  lithic  industry  for  level  Vlll,  Unit  8:  macro-denticulate  (1)  and  core  recycled  as  a  side  scraper  (2);  level  X:  laminar  Levallois  core  (3)  and 
centripetal  Levallois  core  (4);  level  Vila:  biface  (5)  and  knapped  and  shaped  (fa(onnage)  block  (6);  level  11:  Levallois  cores  recycled  as  tools  (7  and  8).  (photos  by  M.  Folgado). 


passages.  Moreover,  their  exceptional  preservation  suggests  these 
pieces  to  have  been  rapidly  buried  by  short  accumulation  events. 
These  small  lithic  assemblages  most  likely  represent  specialised 
activities  tied  to  the  use  of  bifacial  tools  made  elsewhere  and  im¬ 
ported  to  the  site  (Claud,  2008).  The  morpho-technological  char¬ 
acteristics  of  these  bifacial  pieces  portray  interesting  comparisons 
with  the  region’s  other  Late  Middle  Palaeolithic  lithic  assemblages 
with  a  bifacial  component,  such  as  the  one  from  the  nearby  site  of 


Combe  Brune  1  attributed  to  the  MTA  (Mousterian  of  Acheulean 
Tradition;  Bourguignon  et  al.,  2012). 

3.  Materials  and  methods 

The  presence  of  heated  flint  artefacts  and  the  abundance  of 
minerals  such  as  quartz  and  feldspar  throughout  the  stratigraphic 
sequence  were  ideal  for  the  application  of  luminescence  dating 
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techniques.  While  the  interest  of  dating  heated  flints,  which  can  be 
directly  connected  to  anthropic  activity,  is  clear  (e.g.  Mercier,  1991 ; 
Merrier  et  al.,  1995a, b;  Tribolo,  et  al.,  2009;  Valladas  et  al.,  2007, 
Valladas  et  al.,  2001,  Valladas  et  al.,  2003;  Richter  et  al.,  2012),  the 
lack  of  sufficient  quantities  of  suitable  samples  often  precludes 
applying  thermoluminescence  techniques.  On  the  other  hand, 
sedimentary  quartz  and  feldspars  are  common  on  both  enclosed 
and  open-air  sites,  at  least  in  the  region  considered  here.  Bearing 
this  in  mind,  in  order  to  produce  a  robust  chronology  for  Combe 
Brune  2,  we  have  combined  direct  TL  dates  on  heated  artefacts, 
considered  clear  proxies  of  anthropic  activity,  with  OSL  and  IRSL 
dates  on  quartz  and  feldspar.  The  latter  provide  a  chronological 
framework  for  the  depositional  sequence,  and  thus  indirectly  date 
the  human  occupations  (e.g.  Mercier  et  al.,  2003,  Mercier  et  al., 
2007,  Guerin  et  al.,  2012). 

Several  field  visits  between  November  2006  and  January  2007 
were  necessary  to  collect  the  various  samples.  Sediments  destined 
for  OSL  and  IRSL  determinations  were  sampled  in  the  main  levels 
of  the  western  sector  by  inserting  opaque  metallic  cylinders 
(0  =  4  cm)  into  cleaned  sections.  The  cylinders  were  sealed 
immediately  following  retrieval.  Samples  were  collected  from 
Unit  3  (top:  OSL1,  wedge  cast:  OSL3),  Unit  4  (OSL2),  Unit  7(top: 
OSL6,  base:  OSL7),  and  at  the  base  of  Unit  8  (OSL  9).  Sediment 
sample  OSL7  also  marks  the  top  of  the  artefact  bearing  level 
recorded  in  the  site's  western  section.  Only  rubified  flints  with 
potlids  were  selected  for  TL  dating,  among  which,  only  twelve 
were  sufficiently  large  and  homogeneous.  However,  suitability 
tests  revealed  only  one-third  to  have  been  sufficiently  heated  in 
the  past.  These  4  samples  (Bdx  11153,  11154,  11156,  11164)  come 
from  the  eastern  sector  above  the  weathering  products  and  the 
residual  stony  layer  at  the  base  of  Unit  7.  Additional  sediment 
samples  were  also  taken  in  this  area  for  dosimetric  measurements 
in  the  laboratory. 

3.1.  Determination  of  the  annual  dose  rate 

The  annual  dose  rate  was  determined  as  the  per-year  sum  of 
absorbed  ionizing  radiation  (alpha,  beta,  and  gamma)  emitted  by 
decaying  radioelements  in  the  surrounding  sediments  and  by 
cosmic  rays.  While  the  internal  dose  contribution  of  radioelements 
present  in  flint  or  K-feldspar  must  also  be  accounted  for,  the  in¬ 
ternal  dose  can  be  considered  negligible  for  quartz  given  it  contains 
low  quantities  of  radioelements  (~1  p.p.b,  i.e.  0.001  pg/g). 

Alpha  and  beta  doses  for  the  quartz  and  feldspar  grains  were 
calculated  from  the  radioelement  (K,  U,  and  Th)  content  of  the 
sediment  samples,  which  was  measured  using  low-background 
gamma  spectrometry  (Guibert  and  Schvoerer,  1991 ;  Guibert  et  al„ 
2009)  and  taking  into  account  grain-size  sensitive  attenuation 
factors  (Mejdahl,  1979;  Brennan  et  al.,  1991;  Fain  et  al.,  1999).  The 
internal  1<  content  for  K-feldspar  grains  was  assumed  to  be 
12.5  ±  0.5%  (Huntley  and  Baril,  1997).  Similarly,  the  internal  dose 
rate  of  the  dated  flints  was  calculated  from  their  radioelement 
contents. 

The  external  dose  rate  received  by  all  the  samples  was  also 
calculated  from  the  radioelement  content  of  the  surrounding  sed¬ 
iments,  with  the  cosmic  contribution  estimated  by  taking  into  ac¬ 
count  burial  depth  as  well  as  the  site's  latitude  and  altitude 
(Prescott  and  Hutton,  1994).  The  water  content  of  each  sample  was 
measured  in  the  laboratory  and  assumed  to  approximate  the 
average  value  throughout  the  burial  period. 

3.2.  Equivalent  dose  determination 

Sediment  samples  were  prepared  according  to  well-established 
protocols  (Wintle,  1997).  Laser  granulometry  was  used  to  measure 


particle-size  distribution  and  identify  the  dominate  fraction  in  the 
sediment  samples.  The  coarse  silt  fraction  (20—60  pm)  was  the 
most  abundant  in  the  six  sediment  samples  and  was  therefore 
selected  for  OSL/IRSL  measurements.  This  fraction  was  treated  with 
hydrochloric  acid  (10%  HC1)  followed  by  hydrogen  peroxide  (30% 
H2O2)  for  24  h  in  order  to  remove  carbonates  and  organic  matter, 
respectively.  Considering  the  small  quantities  of  material  available, 
the  20—41  pm  polymineral  fraction  rich  in  K-feldspars  was  selected 
for  IRSL  measurements.  An  additional  weeklong  treatment  with  a 
mixture  of  hexafluorosilicic  (30%  ^SiFg)  and  nitric  (HNO3)  acids 
was  used  to  isolate  the  quartz  component  of  the  41—60  pm  fraction 
by  dissolving  the  feldspar  and  feldspathoid  grains. 

The  outer  2  mm  of  the  surface  exposed  to  alpha  and  beta  radi¬ 
ations  were  removed  from  the  heated  flints  retained  for  TL  mea¬ 
surements,  with  the  remaining  portion  ground  into  a  sub-200  pm 
powder  (Tribolo  et  al.,  2009).  The  80—200  pm  fraction  was  sepa¬ 
rated  by  dry  sieving  and  subsequently  subjected  to  conventional 
HC1  and  H2O2  treatments. 

After  rinsing,  drying,  and  sieving,  the  20—41  pm  polymineral 
fraction  was  gently  settled  on  aluminium  disks  by  decantation 
(~1  mg),  made  to  adhere  to  the  disks  with  silicone  spray  for  the 
41—60  pm  quartz  fraction  (~2  mg),  or  simply  placed  in  brass  cups  in 
the  case  of  the  flint  powder.  These  disks/cups  were  subsequently 
used  for  the  luminescence  experiments  to  determine  the  equiva¬ 
lent  dose  of  each  sample.  The  <40  pm  granulometric  fraction  of  the 
flint  samples  was  used  to  determine  the  k-value,  which  represents 
the  relative  alpha-efficiency  (with  respect  to  beta  particles)  to 
produce  luminescence  (Aitken,  1985). 

Luminescence  measurements  were  performed  using  two  Riso 
TL/OSL  DA-15  readers  (Botter-Jensen  et  al,  2003)  equipped  with 
90Sr/90Y  sources  delivering  0.165  Gy  s_1  dose  rate  to  the  fine  pol¬ 
ymineral  grains  (20—41  pm)  and  a  0.160  Gy  s_1  dose  rate  to  the 
41—60  pm  quartz  fraction.  The  feldspar  luminescence  signals  were 
stimulated  using  infra-red  LEDs  (850  ±  50  nm)  were  filtered 
through  a  combination  of  optical  filters  (Corning  type  7-59/Schott 
BG39)  and  detected  with  a  photomultiplier  tube  (EMI  9235  QA). 
Similarly,  the  OSL  stimulation  of  quartz  was  induced  by  blue  LEDs 
(NICHIA  type  NSPB-500AS:  470  nm  ±  30  nm)  and  the  resulting 
signals  selected  by  a  combination  of  Schott  GG420  and  Hoya  U-340 
filters.  The  TL  signals  of  the  flints  were  measured  with  a  specially- 
designed  TL  reader  (patent  ANVAR-CNRS,  1974;  Schvoerer  et  al„ 
1975;  Duttine  et  al.,  2005). 

4.  Results 

4.1.  Annual  dose 

Radioelement  content  was  measured  using  low-background 
gamma  spectrometry,  and  associated  dose  rates  were  calculated 
using  the  method  developed  by  Guerin  and  Mercier  (2011,  Tables  1 
and  2). 

Sediments  samples  from  the  upper  two-thirds  of  the  sequence 
in  the  western  part  of  the  site  yielded  a  relatively  consistent  dose 
rate,  ranging  from  3.22  ±  0.11  Gy/ka  for  OSL  2  at  the  top  to 
3.76  ±  0.13  Gy/ka  for  OSL  6  in  the  lower  part.  The  two  samples  from 
lower  in  the  sequence  (OSL  7  and  OSL  9)  do,  however,  show  much 
lower  radioelement  contents  (twice  as  low  on  average).  Although 
the  reason  for  these  differences  is  not  known,  it  is  highly  unlikely 
that  they  are  linked  to  any  recent  radioelement  leaching  as  the 
gamma  spectrometry  indicates  similar  226Ra  and  238U  activity,  and 
hence  no  significant  U— Th  disequilibrium  (Fig.  5).  The  relatively 
low  radioelement  content  of  the  lower  horizons  thus  appears 
directly  connected  to  the  nature  of  the  sediments. 

K,  U,  and  Th  content  of  the  sediments  associated  with  the  four 
heated  flints  from  archaeological  level  7  in  the  eastern  part  of  the 
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Table  1 

Dosimetric  data  for  the  sediment  samples.  Dose-rates  calculated  from  the  K,  U  and  Th  concentrations  take  into  account  the  water  content  measured  in  the  sediments. 


Sample 

Sediment 

Feldspar 

Quartz 

K 

U  (238U) 

U  (226Ra) 

Th 

Alpha 

Beta  ext. 

Gamma 

Cosmic 

(Gy/ka) 

Total 

Total 

(%) 

a 

(eq. 

ppm) 

a 

(eq. 

ppm) 

a 

(ppm) 

G 

(Gy/ka) 

G 

(Gy/ka) 

G 

(Gy/ka) 

G 

(Gy/ka) 

G 

(Gy/ka) 

G 

OSL  1 

1.12 

0.02 

3.86 

0.17 

3.91 

0.05 

14.6 

0.15 

0.58 

0.12 

1.50 

0.02 

1.20 

0.01 

0.22 

3.61 

0.12 

3.08 

0.04 

OSL  3 

0.99 

0.03 

3.54 

0.17 

3.60 

0.05 

13.6 

0.15 

0.53 

0.11 

1.36 

0.02 

1.11 

0.01 

0.20 

3.31 

0.12 

- 

- 

OSL  2 

0.95 

0.02 

3.69 

0.17 

3.32 

0.04 

13.8 

0.14 

0.52 

0.11 

1.30 

0.01 

1.08 

0.01 

0.20 

3.22 

0.11 

- 

- 

OSL  6 

1.21 

0.02 

3.82 

0.17 

4.18 

0.05 

15.0 

0.15 

0.60 

0.13 

1.60 

0.02 

1.26 

0.01 

0.18 

3.76 

0.13 

3.21 

0.04 

OSL  7 

0.66 

0.02 

2.12 

0.12 

2.20 

0.03 

8.8 

0.10 

0.34 

0.08 

0.87 

0.02 

0.71 

0.01 

0.17 

2.21 

0.07 

1.85 

0.03 

OSL  9 

0.46 

0.02 

1.94 

0.11 

1.70 

0.03 

6.7 

0.08 

0.26 

0.06 

0.64 

0.01 

0.53 

0.01 

0.16 

1.71 

0.06 

- 

- 

Table  2 

Dosimetric  data  for  the  heated  flints. 


Sample  Flint 

I<  U  (238U)  U  (226Ra)  Th  Alpha  Beta  int.  Beta  ext.  Gamma  Total 

ink  and  cosmic 


(%) 

G 

(eq. 

ppm) 

G 

(eq. 

ppm) 

G 

(ppm) 

G 

k 

G 

(Gy/ka) 

G 

(Gy/ka) 

G 

(Gy/ka) 

G 

(Gy/ka) 

G 

(Gy/ka) 

G 

BDX  11153 

0.02 

0.01 

1.17 

0.27 

0.26 

0.03 

0.58 

0.11 

0.08 

0.01 

0.14 

0.03 

0.11 

0.02 

0.09 

0.01 

0.85 

0.02 

1.19 

0.08 

Sediment 

0.59 

0.05 

3.42 

0.07 

2.60 

0.02 

12.98 

0.08 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

associated 

BDX  11154 

0.00 

0.02 

0.27 

0.16 

0.13 

0.05 

0.65 

0.11 

0.09 

0.02 

0.08 

0.02 

0.04 

0.02 

0.00 

0.00 

0.66 

0.02 

0.92 

0.05 

Sediment 

0.09 

0.01 

2.03 

0.05 

1.92 

0.01 

5.73 

0.04 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

associated 

BDX  11156 

0.02 

0.01 

0.29 

0.09 

0.23 

0.02 

0.47 

0.05 

0.10 

0.01 

0.10 

0.01 

0.06 

0.01 

0.05 

0.01 

0.71 

0.01 

0.81 

0.07 

Sediment 

0.59 

0.01 

3.42 

0.07 

2.60 

0.02 

12.98 

0.08 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

associated 

BDX  11164 

0.01 

0.02 

0.25 

0.40 

0.25 

0.40 

0.00 

0.50 

0.07 

0.01 

0.05 

0.09 

0.05 

0.06 

0.00 

0.01 

0.81 

0.02 

0.90 

0.16 

Sediment 

0.38 

0.01 

3.37 

0.07 

2.65 

0.02 

10.17 

0.07 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

associated 


site  are  broadly  similar  and  relatively  close  to  those  obtained  for  the 
same  level  in  the  western  part  (OSL  7).  Not  surprisingly,  the 
radioelement  content  of  the  flints  themselves  is  fairly  low, 
revealing  nearly  80%  of  the  annual  dose  to  come  from  external 
sources  (beta,  gamma  and  cosmic). 

4.2.  Equivalent  dose 

4.2.1.  Feldspars 

Equivalent  dose  determinations  for  each  disc  covered  with 
polymineral  grains  rich  in  K-feldspars  was  analysed  according  the 
SAR  protocol  (Single  Aliquot  Regenerative  Dose;  Auclair  et  al.,  2003, 
Balescu  et  al.,  2003).  Apart  from  the  first  SAR  cycle,  each  disc  was 
irradiated  by  an  artificial  source  and  the  IRSL  signal  measured. 
Characteristic  growth  curves  describing  variations  in  the  IRSL  signal 
were  constructed  by  administering  doses,  and  sensitivity  changes 
were  corrected  for  by  introducing  a  constant  test  dose  to  each  cycle. 

Here  we  adopted  the  IRSL  protocol  proposed  by  Huntley  and 
Lamothe  (2001),  hereafter  referred  to  simply  as  IR50,  which  com¬ 
prises  measuring  the  luminescence  signals  at  50  °C  for  100  s  after  a 
250  °C  preheat  for  60  s  following  each  irradiation.  An  optical 
drainage  (a  30  °C  infrared  stimulation  for  300  s)  was  introduced  at 
the  end  of  each  cycle  to  reset  any  residual  signal  before  each 
regeneration  step.  The  equivalent  dose  for  each  aliquot  was  esti¬ 
mated  by  interpolating  the  natural  OSL  signal  onto  the  regeneration 
curve  adjusted  by  an  exponential  function  (see  Fig.  6  for  an 
example). 

SAR  equivalent  dose  measurements  were  verified  with  refer¬ 
ence  to  the  recycling  ratio,  which  must  be  close  to  1,  and  the 
recuperation  ratio,  which  must  remain  as  low  as  possible.  For  our 
samples,  an  average  recycling  ratio  of  0.96  ±  0.20  and  a  recupera¬ 
tion  ratio  consistently  less  than  2%  indicate,  respectively,  an 


effective  correction  of  sensitivity  changes  and  the  absence  of  sig¬ 
nificant  thermal  transfer.  The  IR50  mean  equivalent  dose  for  each 
sample  at  one  sigma  (Table  3)  was  calculated  by  averaging  the 
measured  doses  from  6  aliquots. 

Equivalent  doses  correction  for  anomalous  fading  (Wintle,  1973; 
Auclair  et  al.,  2007;  Wallinga  et  al.,  2007),  which  results  from 


Fig.  5.  Radioelement  contents  of  the  sediment  samples.  Measurements  were  per¬ 
formed  in  the  IRAMAT-CRP2A  laboratory  using  a  “U-shaped”,  high  resolution,  low 
background  gamma  Ge  detector  (Eurisys  Mesures,  EGPC  200  P17). 
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Step 

SAR  -  IRSL50 

1 

Dose 

2 

Preheat  (250°C  for  60s) 

3 

IRSL,  40s  at  50°C  »£v 

4 

- 

5 

Test  dose 

6 

Preheat  (250°C  for  60s) 

7 

IRSL,  40s  at  50°C  ->7’v 

8 

- 

9 

IRSL  (300°C  for  30s) 

10 

Return  to  1 

Step 

SAR  -  PIRIR225 

1 

Dose 

2 

Preheat  (250°C  for  60s) 

3 

IRSL,  100s  at  50°C 

4 

IRSL,  100s  at  225°C  — 

5 

Test  dose 

6 

Preheat  (250°C  for  60s) 

7 

IRSL,  1 00s  at  50°C 

8 

IRSL,  100s  at  225°C  -*TX 

9 

IRSL  ,  40s  at  290°C 

10 

Return  to  1 

Feldspar _ 

Sample:  OSL  3 
De  =123  ±  1  Gy 
Recycling  :  0.99  ±  0.02 


Sample:  OSL  3 
De  =  212  ±  1  Gy 
Recycling  :  1.01  ±0.01 


Step 

MA  -  TT-OSL 

1 

Dose 

2 

Preheat  (260°C  for  10s) 

3 

LM-OSL,  200s  at  260°C 

4 

Preheat  (260°C  for  1 0s) 

5 

TT-OSL,  100s  at  125°C^I, 

6 

Test  dose 

7 

Preheat  (220°C  for  10s) 

8 

TT-OSL,  100s  at  125°C->T, 

9 

Return  to  1 

Quartz 
Sample:  OSL  7 
De  =  340  ±  14  Gy 


20000 


Fig.  6.  Protocols  for  feldspar  (SAR-IRSL50  and  SAR-plR  IR225)  and  quartz  (MA-TT-OSL)  grains.  In  the  case  of  feldspars,  all  growth  curves  were  fitted  with  an  exponential  model  (see 
sample  OSL3  for  an  example),  whereas  for  quartz  a  second  order  polynomial  model  was  used.  See  text  for  more  detail. 


quantum-mechanical  electron  tunnelling  (Visocekas,  1979)  pro¬ 
ducing  a  constant  leaching  of  charged  particles  accumulated  by  the 
crystal  following  irradiation,  is  necessary  to  avoid  under-estimated 
ages.  This  correction  is  specific  to  each  sample  as  the  fading  rate  is 
linked  to  the  more  or  less  organised  crystalline  structure  of  feldspar 
(Spooner,  1994).  As  such,  the  fading  rate  was  measured  for  each 
bleached  disk  by  comparing  the  IRSL  signal  immediately  following 
irradiation  (f  =  0)  to  the  signal  obtained  after  a  defined  interval.  The 
decrease  of  the  signal  generates  a  straight  line  (when  displayed  on  a 
logarithmic  scale)  whose  slope  corresponds  to  the  fading  rate,  or  “g 


value”  (Aitken,  1985).  However,  fading  experiments  for  three 
samples  (OSL1,  OSL2,  and  OSL3)  showed  the  fading  rate  to  be  fairly 
low  (-1%)  for  all  samples.  Consequently,  an  average  rate  of  1%  was 
used  for  the  other  3  samples  (Table  3),  with  the  ages  corrected  by 
applying  the  method  outlined  by  Huntley  and  Lamothe  (2001)  for 
samples  younger  than  -50  ka  and  the  DRC  ( Dose-Rate  Correction ) 
method  (Lamothe  et  al.,  2003)  for  older  samples. 

In  addition  to  the  IR50  signal  measurement,  the  post-IR-IRSL 
protocol  at  225  °C  (plR  IR225)  was  tested  since  it  necessitates  little 
or  no  fading  corrections  (Thomsen  et  al.,  2008;  Morthekai  et  al., 
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Table  3 

Equivalent  doses,  fading  rates,  and  calculated  ages  for  the  luminescence  samples.  The  preferred  ages  have  been  highlighted  in  bold. 


Location 

Sample 

Feldspar 

Quartz 

Flint 

De  value1  (Gy) 

g-value 

(%/decade) 

Fading  uncorr. 
Age  (ka) 

Fading  corr. 
Age (ka) 

De  value 
(Gy) 

Age 

(ka) 

De  value 
(Gy) 

Age 

(ka) 

irso 

a 

plR 

IR225b 

0 

irso 

a 

ir5o 

a 

plR 

IR225 

a 

IR50 

a 

TT-OSL 

0 

TT-OSL 

a 

TL 

(7 

TL 

a 

Unit  3 

OSL  1 

77.6 

1.6 

94.9 

4.1 

0.95 

0.10 

21.5 

2.4 

26.2 

3.0 

22.3 

2.2 

56 

8 

18.2 

3.0 

— 

— 

Unit  3 

OSL  3 

120 

2.6 

148 

6.2 

1.09 

0.10 

36.2 

4.1 

44.7 

5.2 

39.2 

4.0 

- 

- 

- 

- 

- 

- 

Unit  4 

OSL  2 

189 

4.9 

204 

8.6 

1.17 

0.10 

58.7 

6.7 

63.4 

7.4 

63.1 

6.5 

- 

- 

- 

- 

- 

- 

Unit  7 

OSL  6 

366 

8.9 

366 

14 

0 

q 

0.10 

97  0.3 

11 

97.3 

12 

149 

14 

379 

21 

118 

13 

- 

- 

Unit  7 

OSL  7 

331 

8.2 

356 

16 

0 

q 

0.10 

150 

16 

161 

18 

193 

20 

340 

14 

184 

19 

- 

- 

Unit  7 

BDX  11153 

- 

- 

- 

- 

- 

- 

- 

- 

219 

22 

185 

23 

Unit  7 

BDX  11154 

- 

- 

- 

- 

- 

- 

- 

- 

145 

10 

183 

20 

Unit  7 

BDX  11156 

- 

- 

- 

- 

- 

- 

- 

- 

181 

10 

195 

16 

Unit  7 

BDX  11164 

- 

- 

- 

- 

- 

- 

- 

- 

169 

7 

187 

21 

Unit  8 

OSL  9 

353 

9 

400 

16 

0 

q 

0.10 

207 

22 

234 

25 

263 

27 

- 

- 

- 

- 

- 

- 

■'  De  value  is  a  weighted  mean  of  measured  aliquots. 
b  Residuals  were  subtracted  from  plR  IR225  De  values. 

c  Fading  rate  is  a  weighted  mean  (1.0  ±  0.1)  of  measured  aliquots  from  samples  OSL  1,  OSL  2  and  OSL  3. 


2008;  Buylaert  et  al„  2009;  Jain  and  Ankjaergaard,  2011).  The  plR 

IR225  equivalent  doses  were  assessed  for  all  the  samples  using  a 
series  of  6  aliquots  (Table  3).  Although  the  fading  rate  of  the  plR 
IR225  signal  was  not  determined,  it  should  be  well  below  the  1%  rate 
of  the  IR50  signal,  and  thus  was  considered  negligible.  Moreover, 
resetting  plR  IR225  signals  in  feldspar  grains  is  slower  than  the  IR50, 
which  may  contribute  to  the  retention  of  some  residual  signal  in 
plR  IR  measurements  (Buylaert  et  al.,  2009).  Separate  aliquots  were 
used  to  determine  the  post-bleaching  residual  doses:  0.6  ±  0.3  Gy 
(OSL1 )  to  1.1  ±  0.7  Gy  (OSL9)  for  IR50  and  from  2.4  ±  0.2  Gy  (OSL1 )  to 
4.4  ±  0.3  Gy  (OSL9)  for  plR  IR225.  The  residual  dose  obtained  for  the 
IR50  signal  is  always  less  than  1%,  and  was  thus  considered  negli¬ 
gible.  Based  on  the  plR  IR225  signal,  the  residual  doses  are  less  than 
or  equal  to  3%  of  the  measured  equivalent  dose.  Finally,  the  mean 
plR  IR225  equivalent  dose  at  one  sigma  (Table  3)  was  calculated  for 
each  sample  as  the  average  dose  measured  from  6  aliquots  after 
subtracting  the  residual  dose. 

4.2.2.  Quartz 

The  most  commonly  accepted  protocol  for  the  OSL  dating  of 
quartz  grains  relies  on  the  measurement  of  the  fast  component  of 
the  luminescence  signal;  however,  this  component  saturates  at  a 
relatively  low  rate  (-150—200  Gy),  limiting  the  application  of  this 
method  to  the  last  100  ka.  As  the  assumed  age  of  the  deposits 
concerned  here  likely  exceeds  this  threshold,  we  have  adopted  the 
TT-OSL  protocol,  which  extends  the  age  range  of  the  OSL  technique 
for  quartz. 

This  protocol  is  based  on  the  principle  that  quartz  grains  store 
charges  in  deep  traps  with  a  level  of  dose  saturation  at  least  three 
times  higher  than  the  fast  component  (Wang  et  al.,  2006).  In  order 
to  measure  the  TT-OSL  signal,  an  initial  preheat  followed  by  an 
optical  stimulation  is  necessary  to  empty  traps  associated  with  the 
fast  component,  followed  by  a  second  heating  at  260  °C  for  10  s, 
which  induces  the  thermal  transfer  of  charges  in  the  deep  traps 
towards  those  associated  with  the  fast  component. 

An  SAR-type  protocol  could  not  be  implemented  for  measuring 
the  TT-OSL  signal  to  due  sensitivity  changes  connected  to  repeated 
heating  cycles  (Hernandez  et  al„  2012).  Consequently,  a  multiple 
aliquots  (MA)  protocol  (Hernandez,  2011)  was  applied  to  three  of 
the  six  sediment  samples  (OSL  1,  6,  and  7).  The  growth  curve  of  the 
dose-dependent  TT-OSL  signal  was  built  from  multiple  aliquots, 
which  were  optically  bleached  in  controlled  laboratory  conditions 
with  a  solar  simulator  (Fig.  6).  Furthermore,  10  “natural”  aliquots 
(not  exposed  to  light  or  dosed)  were  measured  for  each  sample,  and 


the  normalised  intensity  interpolated  on  the  dose  growth  curve  in 
order  to  determine  the  equivalent  dose  of  each  aliquot  (mean 
equivalent  doses  provided  in  Table  3).  The  TT-OSL  signals  for  any 
given  regenerative  dose  are  heavily  dispersed,  a  pattern  almost 
certainly  tied  to  the  varying  behaviour  of  the  grains  present  in  each 
aliquot  and  which  provides  an  indication  as  to  the  minimum 
dispersion  observable  with  the  natural  signals. 

4.2.3.  Flint 

The  multiple  aliquot  additive-regeneration  dose  method,  or 
MAAR  (Aitken,  1985),  was  adopted  for  determining  equivalent 
doses  of  the  flint  samples.  Several  dozen  aliquots  of  the  naturally 
radiated  material  were  measured  with  or  without  added  doses  and 
used  to  plot  the  first  TL  growth  curve  as  a  function  of  the  added 
dose.  For  the  second  growth  curve,  a  portion  of  the  natural  powder 
was  first  heated  for  1  h  at  400  °C  followed  by  an  additional  hour  at 
500  °C  in  order  to  totally  reset  the  TL  signal  before  being  subjected 
to  artificial  irradiation  in  the  laboratory  (Fig.  7).  This  thermal 
treatment  is  designed  to  produce  the  most  homothetic  lumines¬ 
cence  curves  possible,  such  that  the  luminescence  dose  response 
curves  are  similar  in  shape,  for  both  the  added  and  regenerated 
dose.  Each  sample  was  evaluated  with  a  routine  plateau  test 
(Aitken,  1985)  using  a  slide  technique  (Guibert  et  al.,  1996).  In  the 
end,  four  samples  satisfied  the  verification  test  and  were  retained 
for  dating. 

5.  Results  and  discussion 

5.3.  Age  determinations 

The  IR50,  plR  IR225.  TT-OSL,  and  TL  results  are  all  chronologically 
(Table  3)  and  stratigraphically  coherent  (Fig.  8).  As  anticipated, 
while  the  non-fading  corrected  IR50  ages  are  always  under¬ 
estimated  in  respect  to  the  plR  IR225  ages,  once  corrected,  the  two 
sets  are  consistent,  except  for  sample  OSL6.  This  good  agreement 
suggests  that  the  feldspar  grains  had  been  well  exposed  to  light 
before  burial  as  the  IR50  and  plR  IR225  signals  are  known  to  bleach  at 
different  rates.  In  the  case  of  sample  OSL6,  the  uncorrected  IR50  age 
agrees  well  with  the  plR  IR225  age,  indicating  that  this  sample  does 
not  require  fading  correction.  As  such,  the  plR  IR225  ages  of  the 
samples  that  do  not  require  correction  are  preferred.  These  ages  are 
also  in  good  agreement  with  the  quartz  TT-OSL  ages  obtained  for 
sediment  samples  OSL1,  2,  6,  and  7.  Moreover,  the  plR  IR225  and  TT- 
OSL  ages  for  sample  OSL7  fall  in  the  same  age  range  as  the  TL  ages 
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Fig.  7.  First  (additive  dose)  and  second  (regenerative  dose)  growth  curves  fitted  with  an  exponential  model  for  samples  a)  Bdx  11153;  b)  Bdx  11154;  c)  Bdx  11156;  d)  Bdx  11164. 


Fig.  8.  Summary  of  the  luminescence  ages  for  Combe  Brune  2.  Gray  triangles:  TL  ages 
of  heated  flints  from  the  eastern  sector.  Squares:  feldspars  ages  obtained  for  the 
western  stratigraphic  section;  grey  squares:  IR50  ages  on  feldspars  for  samples  OSL2 
and  OSL3;  solid  squares:  pIR  1R225  ages  on  feldspars.  Red  diamonds:  TT-OSL  ages  on 
quartz  grains  from  the  western  stratigraphic  section.  These  ages  correspond  to  the 
preferred  values  highlighted  in  bold  in  Tables  2  and  3. 


and  are  consistent  with  the  age  of  234  ±  25  ka  obtained  for  sample 
OSL9  from  the  bottom  of  the  stratigraphic  sequence,  suggesting  the 
burnt  lithic  pieces  from  the  base  of  Unit  7  have  not  suffered  any 
substantial  post-depositional  reworking. 

5.2.  Chronology  and  techno-economic  behaviour 

These  new  luminescence  ages  obtained  for  the  Combe-Brune  2 
complement  available  geomorphological  data  and  shed  light  on  the 
chronology  of  the  region's  Middle  Palaeolithic  lithic  industries.  The 
two  main  Middle  Palaeolithic  occupations  in  unit  7  of  the  eastern 
area  form  a  palimpsest,  and  only  the  industry  from  the  level 
attributed  to  the  Early  Middle  Palaeolithic  was  found  in  the  western 
area.  While  the  pIR  IR225  results  provide  an  age  of  -160  ka  (i.e. 
M1S6)  for  the  level  that  yielded  the  Early  Middle  Palaeolithic  in¬ 
dustry,  the  fact  that  the  MTA  industry  was  documented  solely  in  the 
eastern  part  precludes  associating  it  with  any  of  the  age 
determinations. 

If  the  interpretation  of  the  residual  stony  layer  at  the  base  of  the 
sequence  is  correct,  the  concentrations  of  objects  attributed  to  the 
level  VUb  would  correspond  to  successive  occupations  of  unknown 
duration  and  with  little  horizontal  displacement  of  the  artefacts. 
The  presence  of  several  MTA-type  bifaces  in  level  I  clearly  indicates 
that  the  stony  layer  was  not  significantly  buried  before  the  middle 
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of  the  Weichselian  Pleniglacial.  This  absence  of  burial,  indicative  of 
a  near-zero  accumulation-erosion  balance  with  the  possibility  of 
temporary  accumulation  of  sediments  followed  by  re-exhumation, 
implies  that  the  archaeological  level  and  the  stony  layer  remained 
in  the  subsurface  for  some  time.  In  this  area,  the  archaeological 
level  is  therefore  likely  to  correspond  to  the  juxtaposition  of  several 
occupations  of  different  ages.  The  TL  dates  obtained  on  the  heated 
material  from  this  palimpsest  deposit  provide  ages  that  all  range 
between  183  ±  20  and  195  ±  16  ka,  or  the  end  of  MIS  7  and  the  very 
beginning  of  MIS  6.  Moreover,  these  results  are  practically  identical 
to  the  OSL  and  IRSL  ages  obtained  in  the  western  area  for  the  Early 
Middle  Palaeolithic  level  (Unit  7);  making  it  reasonable  to  assumed 
that  the  four  TL-dated  flints  all  belong  to  this  assemblage. 

The  infilling  dynamics  of  the  western  doline  are  different; 
although  affected  horizontally  and  vertically  by  subsidence  and 
colluviation  phenomena,  the  individual  archaeological  levels  would 
have  been  protected  from  erosion,  buried  individually,  and  sepa¬ 
rated  by  irregular  periods  of  time  similar  to  those  deduced  for  the 
eastern  area.  In  this  sector,  the  archaeological  levels  are  intercalated 
in  the  colluvial  deposits  and  are  consequently  more  likely  to 
represent  brief  occupations.  The  IRSL  ages  obtained  for  the  middle 
of  Unit  8  suggest  that  this  palaeosol  developed  during  the  penul¬ 
timate  interglacial  (MIS  7).  The  IIBt  horizon  (Unit  6)  that  shows  a 
complex  structure  at  the  microscopic  scale  with  at  least  two  phases 
of  clay  illuviation  separated  by  a  phase  of  deep  seasonal  frost  (see 
Brenet  et  al.,  2008)  represents  the  first  interglacial  palaeosol  below 
the  Holocene  soils.  Given  the  dates  obtained  for  the  upper  (Unit  4) 
and  lower  (Unit  7)  levels,  a  broadly  Eemian  age  (MIS  5)  can  be 
proposed  for  the  IIBt  horizon.  Comparisons  with  well-dated  loess 
sequences  also  shows  that  MIS  5  in  Northern  France  sees  the 
development  of  similar  soil  complexes  (Van  Vliet-Lanoe,  1990; 
Haessaerts  et  al.,  1999;  Antoine  et  al„  2003).  Finally,  the  upper  Bt 
horizon  (Unit  4)  corresponds  to  the  Holocene  luvisol. 

The  general  interpretation  of  the  site’s  lower  levels  sees  a  suc¬ 
cession  of  occupations  from  the  end  of  MIS  7  to  the  beginning  of 
MIS  6  that,  although  spread  across  the  entire  surface,  are  differ¬ 
entially  preserved  in  the  eastern  and  western  sectors  of  the  site. 
Each  of  these  occupations,  regardless  their  duration  or  extent,  show 
the  recurrent  use  of  the  local  raw  material,  especially  in  the  eastern 
part  where  abundant  high-quality  flint  was  easily  accessible  in  the 
flint— clay  deposits.  More  diversified  production  sequences,  some¬ 
times  involving  tool  use  or  transformation,  were  carried  out  to¬ 
wards  the  west  (Brenet,  2011).  Several  recently  studied  Early 
Middle  Palaeolithic  industries  from  open-air  sites  in  the  Bergerac 
region  have  similarly  been  dated  to  MIS  7  or  MIS  6  (Fig.  1 ).  However, 
the  lithic  assemblages  from  Combe  Brune  2  differs  from  contem¬ 
porary  assemblages  in  the  Dordogne  region,  the  Pecharmant 
plateau,  or  the  Isle  Valley  given  the  still  unique  association  of  the 
alternating  platform  technique,  Discoid  and  Levallois  debitage, 
bifacial  shaping,  and  the  combination  of  debitage  and  bifacial 
shaping  on  the  same  block  (Brenet  et  al,  2014).  Finally,  the  site’s 
function  is  also  exceptional  in  the  association  of  evidence  for 
exported  cores  and  blanks  for  later  use  with  on-site  blank  pro¬ 
duction  (sometimes  sequenced)  on  an  abundant  source  of  raw 
material,  the  use  of  flake  tools,  sometimes  on  naturally  fractured 
flints,  and  a  macro-tool  kit. 

6.  Conclusion 

Our  detailed  study  of  the  open-air  site  of  Combe  Brune  2, 
incorporating  geological  and  geomorphological  data  and  radio- 
metric  dating  techniques,  demonstrates  a  succession  of  occupa¬ 
tions  across  the  entire  excavated  surface  and  a  differential 
preservation  between  both  studied  areas.  The  combination  of  dates 
obtained  from  various  materials  (quartz  and  feldspar  grains  and 


heated  flints)  using  different  luminescence  methods  (TT-OSL,  IR5o, 
plR  IR225.  and  TL)  provides  a  robust  and  detailed  chronology  for  the 
formation  of  the  archaeological  levels.  Our  results  demonstrate  that 
the  Early  Middle  Palaeolithic  occupation  of  Combe  Brune  2  took 
place  between  the  end  of  MIS  7  and  the  beginning  of  MIS  6.  The 
chronological  position  of  these  occupations  and  the  characterisa¬ 
tion  of  their  original  lithic  industries  shed  new  light  on  the  Early 
Middle  Palaeolithic  settlement  of  the  Bergerac  region,  where  no  site 
from  this  period  had  previously  been  identified. 
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